To test the hypothesis that poor foetal\p=n-\neonatalnutrition predisposes adult animals to impaired glucose tolerance or diabetes, pregnant and lactating rats were fed a low (5%) protein diet and glucose tolerance and pancreatic islet function then assessed in the adult offspring. 
Introduction
Non-insulin-dependent diabetes (NIDDM) is character¬ ised by both impaired insulin secretion from pancreatic ß-cells and insulin resistance in peripheral tissues (Leahy 1990 ). Although it is generally believed to be a genetic disorder, the impact of dietary status on the development of diabetes may be pronounced (Leahy 1990 , Porte 1991 . The relationship between overnutrition, obesity and diabetes is well recognised whereas the role of malnutrition is less well understood. Children with syndromes of protein malnutrition such as Kwashiorkor exhibit impaired glucose tolerance and poor insulin secretory responses (Baig & Edozien 1965 , Milner 1972 . Alternatively, it has been documented, as in the case of Ethiopian immigrants to Israel (Cohen et al. 1988) , that the incidence of diabetes increases on changing from a diet where poor nutrition is prevalent to one high in refined carbohydrate. Recently, Hales, Barker and (Snoeck et al. 1990 ) and can impair secretory responses in foetal pancreatic islets (Dahri et al. 1991 ). It has also been shown, however, that maternal malnutrition does not lead to impaired secretory responses in islets isolated from the offspring (Rasschaert et al. 1995) or to impaired glucose tolerance in the adult offspring (Langley et al. 1994 , Holness 1996) . We (Thorburn et al. 1990 ).
Islet isolation
Islets of Langerhans were isolated from males and females; either non-fasting rats, or from fasting rats that had previously undergone a glucose tolerance test. Rats were anaesthetised with Sagatal, and islets prepared by collagenase digestion following injection of collagenase into the pancreas through the bile duct (Sutton et al. 1986 ). Free islets were collected under a dissecting micro¬ scope with a 20 µ pipette into Hepes-buffered Hanks' balanced salts solution containing 0-5% BSA.
Insulin release
Insulin release from freshly isolated islets was measured in a perifusion system as described elsewhere (Hughes et al. 1992) Table 2 ). In islets from previously malnourished animals fed a high fat diet, the rate of insulin release in response to 16 mmol/1 glucose was 71% ofthat observed in islets from controls ( <0 5, Table 2 ). In islets from these animals the rate of insulin release at 2 mmol/1 glu¬ cose was significantly 2-7-fold higher than in controls (P<0-001).
The insulin contents of the islets in the different groups of animals (measured after the perifusion experiments) were not significantly different. These were: control, 2-4 ± 0-2 mU/islet; controH-sucrose, 1-8 ±0-2; control+ high fat 2-6 ± 0-3; previously malnourished, 2-4 ± 0-2; (Fig. 3A, inset) . Changing the diet of previously malnourished animals to a high fat diet (Fig. 3B, inset) (Hales & Barker 1992) . In recent studies to test this hypothesis, Holness and Sugden (1996) reported that glucose utilisation was normal using the euglycaemic-hyperinsulinaemic clamp tech¬ nique and that there was no deterioration in glucose tolerance in pregnant rats that were the offspring of animals fed a low protein diet during pregnancy. Con¬ versely, Ozanne et al. (1996) reported that poor maternal nutrition led to a reduction in the sensitivity of glucagon stimulated-glucose production to inhibition by instilin in the livers of the male rat offspring. We have fed pregnant and lactating rats a 5% (w/w) low protein diet in order to investigate the effects of foetal-neonatal malnutrition on pancreatic islet function and glucose tolerance in the adult offspring. This regime is more severe than that used in the studies mentioned above (8% protein diet) and possibly models more severe human malnutrition. We show here that this approach leads to the birth of small pups, which do not recover normal body weight throughout adult life, even after weaning onto a control diet. This finding is different to that of a previous study (Dahri et (Okitolonda et al. 1987) or complete (Swenne et al. 1987 ) recovery of glucose tolerance was observed. In studies using offspring of rats fed a low protein diet during gestation, animals that were fed a control diet from birth onwards or from weaning had normal (Dahri et al. 1991 , Holness 1996 or lower (Langley et al. 1994) (Reiser & Hallfrisch 1977) and liver (Kergoat et al. 1987) . Given 
